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Abstract
Communities of the canopy of temperate forests are still relatively unexplored. Furthermore, very little is known on how vertical stratifi-
cation for some insect groups is related to biological strategies. In this study, we investigated the community composition of both canopy 
and understory of the families Ampulicidae, Crabronidae and Sphecidae (Hymenoptera) of the Natural Reserve of “Bosco della Fon-
tana”, a remnant lowland forest in northeastern Italy. Observed patterns in vertical stratification have been related to species foraging 
habits. Our study reveals that the bulk of the community of Spheciformes of the understory consists of species predating dipterans and 
spiders, while species associated with the canopy are mainly predators of sap-sucking honeydew producers and epiphyte grazers, like 
aphids, thrips, and barkflies. Comparing the communities of canopy and understory may lead to a better understanding of species ecol-
ogy and provides useful information to forest managers. 
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Introduction
Studying the relations between biotic communities and 
environmental components is crucial to unveil hidden as-
pects of organism ecology and to provide useful informa-
tion on how communities respond to management prac-
tices. Canopies of temperate forests and their communities 
have been nearly neglected so far in insect studies. Forest 
managers have often ignored the effects that certain silvi-
cultural practices would have on the diversity of insects 
associated with higher strata of the forest. In recent years, 
improved methods to access canopies gave the opportunity 
to sample insects of this habitat (Basset et al. 1997, 2003; 
Vance et al. 2007), showing that canopies can host some 
rarely collected or undescribed species (Floren & Schmidl 
1999, 2008; Thunes et al. 2004; Vance et al. 2007; Di Gio-
vanni et al. 2015). 
 Vertical stratification has been demonstrated for many 
groups of insects in tropical and temperate forests (Preis-
ser et al. 1998; Basset et al. 2003, 2012; Floren & Schmidl 
2008) as a result of microclimatic variations in tempera-
ture, humidity or light exposure between canopy and un-
derstory, variation in resources availability, or as a conse-
quence of inter-specific interactions (competition, preda-
tion) or niche-differentiation (Basset et al. 2003; Ulyshen 
2011). In both tropical and temperate forests, canopies can 
provide resources which are seasonally unavailable in the 
understory (Ulyshen et al. 2010) and can offer nesting sites 
for specialized saproxylic organisms (Sobek et al. 2009; 
Ulyshen et al. 2011b). In certain conditions, the canopy 
layer may also work as aggregation point for several fly-
ing insects during mating swarming (Birtele & Hardersen 
2012; Stireman et al. 2012).
 Yet, only few studies have focused on highly mobile 
(and highly diverse) insects as dipterans or hymenopterans 
of the canopy of temperate forests (Preisser et al. 1998; 
Sperber et al. 2004; Thunes et al. 2004; Vance et al. 2007; 
Pucci 2008; Stireman 2008; Sobek et al. 2009; Ulyshen et 
al. 2010, 2011a, 2011b; Birtele & Hardersen 2012; Stire-
man et al. 2012; Di Giovanni et al. 2015). In this study, we 
analyzed the community composition of solitary wasps be-
longing to Ampulicidae, Crabronidae and Sphecidae (the 
three families of Apoidea Spheciformes present in Italy) of 
understory and canopy of the Natural Reserve of “Bosco 
della Fontana”, a temperate plain forest in North Italy. 
Spheciformes are mostly predators, although some genera 
are parasitoids or cleptoparasites of other insects or arach-
nids. Adults feed on nectar or sugary secretions, more rare-
ly on fluids of the prey hunted as food for their larvae (Pa-
gliano & Negrisolo 2005). So far, several surveys have 
been carried out in this area to provide a comprehensive 
framework of the arthropod fauna of this remnant forest 
(Mason et al. 2002; Cerretti et al. 2004; Birtele & Hard-
ersen 2012; Hardersen et al. 2012; Stireman et al. 2012; 
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Di Giovanni et al. 2015). Thanks to an intensive sampling 
with Malaise traps, we tested for differences in community 
composition of Spheciformes between canopy and under-
story. Observed patterns in different layers were related to 
species biology in order to understand if species associa-
tion with canopy or understory may be explained by differ-
ences in species foraging habits.
Material & Methods
Sampling
The sampling was carried out in the Natural Reserve of 
“Bosco della Fontana” (45°12'N, 10°44'E), a semi-natural 
forest of 233ha, located about 5km from the municipal-
ity of Mantua (Lombardy, Italy), at an average altitude of 
25m. The forest is surrounded by intensive crops and in-
dustries. Further details on the study area are reported in 
Mason et al. (2002) and Mason (2004). 
 Fourteen Malaise traps were placed, seven in the un-
derstory and seven in the canopy (hanged on branches be-
tween 15 and 21m above the ground), in oak-hornbeam 
sections of the forest (Polygonato multiflori-Quercetum 
roboris Sartori 1980), which is the dominant vegetation 
type at “Bosco della Fontana”. The sites were chosen us-
ing a complete randomized design, with a minimum dis-
tance between traps of 70m. To minimize the edge-effect, 
the traps were placed at least 40m from the borders of the 
forest, 30m from the internal artificial clearings and 10m 
from the forest tracks.
 The traps were activated continuously from April 1st 
to November 25th 2008. Collecting jars were filled with 
70% ethanol and replaced every two weeks. The materi-
al collected during this study is preserved, partly pinned 
and partly in ethanol, in the entomological collections of 
the Museum of Zoology of the “Sapienza” University of 
Rome (MZUR). The Spheciformes wasps were identified 
to species level by MM by using Pagliano & Negrisolo 
(2005), Bitsch & Leclercq (1993) and Bitsch et al. (1997, 
2007).
Data Analysis
To compare the species richness and the sampling effort 
in the two habitats, sample-based accumulation curves and 
95% confidence intervals were calculated for pooled can-
opy and understory traps using EstimateS 9.1.0 (Colwell 
2013). Phenological patterns of Spheciformes abundance 
and diversity were also examined graphically.
 Differences in the community composition between 
canopy and understory was tested using a permutation 
MANOVA (Anderson 2001), as implemented in the ve-
gan package in R (Oksanen et al. 2013). The test employed 
Bray-Curtis distances and 1000 randomizations to assess 
significance.
 To show the association between traps and species com-
position, a PCA analysis was carried out using CANOCO 
4.5 (Lepš & Šmilauer 2003), on a log(x + 1)-transformed 
species abundances and scaling on interspecies correla-
tions. Then, a RDA was performed on the same dataset 
to assess how much of the observed variation in species 
composition can be explained by trap position (canopy vs. 
understory). The significance of the habitat variable in the 
constrained analysis was previously tested using a Mon-
te Carlo permutation with 499 randomizations (Lepš & 
Šmilauer 2003). In the plotted graph, species have been 
listed according to their predatory habits (following Pagli-
ano & Negrisolo 2005, Bitsch & Leclercq 1993; Bitsch et 
al. 1997, 2007 and references therein).
Results
A total of 1118 specimens were collected (983 females 
and 135 males), belonging to 42 species and 21 genera of 
Ampulicidae, Crabronidae and Sphecidae. Families Am-
pulicidae and Sphecidae were represented by two (Am-
pulex fasciata, Dolichurus corniculus) and three species 
(Ammo phi la sabulosa, Prionyx subfuscatum, Sceliphron 
curvatum), respectively. About half of the sample (545) 
belonged to Crabronidae of the genus Trypoxylon. Elev-
en out of 42 species were singletons (i.e., one individual), 
eight in the canopy and three in the understory, respec-
tively. 
 Understory traps caught more than twice the speci-
mens collected in the canopy, 763 individuals belonging 
to 26 species. Canopy traps collected 355 specimens and 
33 species, i.e. about 80% of the overall species diversi-
ty in this study (Table 1). At present, 52 species and 27 
genera of Spheciformes have been recorded for the Natu-
ral Reserve of “Bosco della Fontana” (cf. Negrisolo 2002; 
Mei 2008; present work).
 Sample-based accumulation curves showed a clear 
different slope for traps in the two habitats (Fig. 1). Both 
curves are still far from reaching an asymptote, suggesting 
that a greater sampling effort in both habitats would signif-
icantly increase the number of species collected. Tempo-
ral patterns of abundance and species richness indicated a 
late-spring peak in May-June, followed by a second one in 
August with high abundance and relatively low diversity. 
After September, there is a general decline of abundance 
and species richness for both habitat types, with the cano-
py hosting relatively more species and individuals than the 
understory (Fig. 2).
 The permutation MANOVA revealed that the commu-
nity composition of the two habitat layers is clearly dif-
ferent (F1,12=9.22, P<0.01). Assemblages from the two 
forest levels appear distinctly separated also in the two-
dimensional PCA plot (Fig. 3). In the PCA analysis, the 
first two axes accounted for about 58% of the total var-
iance. The RDA showed trap position explains the 54% 
of the observed variation in species distribution between 
canopy and understory (Monte Carlo test F=7.49, P<0.01). 
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Table 1 – Species and abundances of Ampulicidae, Crabronidae and Sphecidae collected during the Canopy project 2008. For each spe-
cies, predatory habits are provided. C = canopy trap; U = understory trap.
Ampulicidae
Ampulex fasciata Jurine, 1807
Dolichurus corniculus (Spinola, 1808)
Crabronidae
Crossocerus acanthophorus (Kohl, 1892)
Crossocerus annulipes (Lepeletier & Brullé, 1835)
Crossocerus binotatus Lepeletier & Brullé, 1835
Crossocerus cetratus (Shuckard, 1837)
Crossocerus elongatulus (van der Linden, 1829)
Crossocerus podagricus (van der Linden, 1829)
Crossocerus quadrimaculatus (Fabricius, 1793)
Crossocerus vagabundus (Panzer, 1798)
Ectemnius cavifrons (Thomson, 1870)
Ectemnius cephalotes (Olivier, 1792)
Ectemnius continuus (Fabricius, 1804)
Ectemnius lituratus (Panzer, 1805)
Ectemnius nigritarsus (Herrich-Schaeffer, 1840)
Mimumesa unicolor (van der Linden, 1829)
Nitela borealis Valkeila, 1974
Nitela fallax Kohl, 1884
Nitela spinolae Latreille, 1809
Nysson trimaculatus (Rossi, 1790)
Passaloecus corniger Shuckard, 1837
Passaloecus gracilis (Curtis, 1834)
Pemphredon austriaca (Kohl, 1888)
Pemphredon lethifer (Shuckard, 1837)
Pemphredon lugubris (Fabricius, 1793)
Polemistus abnormis (Kohl, 1888)
Psen exaratus (Eversmann, 1849)
Psenulus fuscipennis (Dahlbom, 1843)
Psenulus pallipes (Panzer, 1798)
Psenulus schencki (Tournier, 1889)
Rhopalum coarctatum (Scopoli, 1763)
Solierella compedita (Piccioli, 1869)
Spilomena troglodytes (van der Linden, 1829)
Stigmus solskyi Morawitz, 1864
Tachytes etruscus (Rossi, 1790)
Trypoxylon clavicerum Lepeletier & Serville, 1825
Trypoxylon deceptorium Antropov, 1991
Trypoxylon figulus (Linnaeus, 1758)
Trypoxylon minus de Beaumont, 1945
Sphecidae
Ammophila sabulosa (Linnaeus, 1758)
Prionyx subfuscatus (Dahlbom, 1845)
Sceliphron curvatum (Smith, 1870)
Blattodea
Blattodea
unknown
Rhynchota
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
unknown (Diptera?)
Rhynchota Auchenorrhyncha
Psocoptera
Psocoptera
Psocoptera
kleptoparasite
Rhynchota Sternorrhyncha
Rhynchota Sternorrhyncha
Rhynchota Sternorrhyncha
Rhynchota Sternorrhyncha
Rhynchota Sternorrhyncha
Rhynchota Sternorrhyncha
unknown (Rhynchota
Auchenorrhyncha?)
Rhynchota Sternorrhyncha
Rhynchota Sternorrhyncha
Rhynchota Sternorrhyncha
Diptera
Rhynchota Heteroptera
Thysanoptera
Rhynchota Sternorrhyncha
Orthoptera
Araneae
Araneae
Araneae
Araneae
Lepidoptera (larvae)
Orthoptera
Araneae
2
-
-
-
-
-
-
-
-
1
2
1
-
-
-
-
3
2
1
-
-
12
-
1
-
2
-
3
8
1
-
-
3
2
1
7
-
-
6
1
1
-
C1
5
-
-
-
-
-
1
-
-
-
3
5
-
-
-
1
3
1
2
-
3
7
1
-
2
-
2
4
12
3
-
-
-
-
-
6
-
2
4
-
-
-
C7
2
-
-
-
-
-
-
1
-
-
-
4
-
-
-
-
-
3
-
-
-
4
-
-
-
1
-
1
7
1
-
1
-
-
-
9
-
3
3
-
-
-
C4
-
-
-
-
-
-
-
8
-
-
5
9
-
-
1
-
-
-
-
-
-
-
-
-
4
-
-
-
3
-
2
-
-
-
-
51
-
21
-
-
-
-
U3
-
-
6
-
-
-
-
-
-
-
1
-
-
-
-
-
-
1
-
-
-
9
-
-
-
-
-
1
37
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-
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1
-
-
13
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1
4
-
-
-
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2
-
2
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Wasps that prey on spiders (Trypoxylon spp.), cockroach-
es (Dolichurus spp.) or flies (Crossocerus and Ectemni-
us spp.) were strictly associated with the understory traps, 
while the canopy community includes species that exploit 
barkflies (Nitela spp.), thrips (Spilomena troglodytes) and 
aphids (Passaloecus and Psenulus spp.) (Fig. 3).
Discussion
As already observed in other insect groups (Birtele & 
Hardersen 2012; Stireman et al. 2012; Hardersen et al. 
2014; Di Giovanni et al. 2015), the canopy community of 
Spheciformes at “Bosco della Fontana” is markedly dif-
ferent from that of the understory. Previous studies per-
formed in temperate forests also showed a vertical strati-
fication in the community composition of hymenopterans 
(Vance et al. 2007; Pucci 2008; Sobek et al. 2009; Uly-
shen et al. 2010, 2011). Vance et al. (2007) found that, 
in northeastern temperate forests in Canada, Spheciformes 
are more common in the canopy than in the understory, 
suggesting that highly mobile hymenopterans may spend 
significant amounts of time foraging in this habitat. A sim-
ilar result was found by Sobek et al. (2009), who collected 
more cavity-nesting bees – including Spheciformes – in 
the canopy of a broadleaf forest in Germany. In our study, 
some of the species found in the canopy, such as the cra-
bronid Tachytes etruscus and the sphecids Prionyx subfus-
catus and Sceliphron curvatum, prefer open habitats, and 
their occurrence in the canopy is likely occasional, sug-
gesting the use of this layer as a dispersal corridor to move 
from one open area to another (Moran & Southwood 1982; 
Pucci 2008; Di Giovanni et al. 2015). 
 Species associated with canopy included Passaloecus 
spp. and Psenulus spp., predators of sap-sucking insects 
as aphids, Nitela spp., attacking epiphyte grazers such as 
barkflies and Spilomena troglodytes, preying on thrips. 
Previous studies showed that sap-sucking and honeydew 
producer insects can be abundant in the canopy of temper-
ate forests (Moran & Southwood 1982), turning out to be 
an important source of non-floral sugar for bees and wasps 
when only few flowers are available in the understory (Ul-
yshen et al. 2010, 2011). Sampling the arthropod fauna 
of native and introduced oak species in UK and France, 
Southwood et al. (2005) found that moist higher strata of 
broadleaf forests can host a very abundant and diverse ep-
iphyte fauna, including Psocoptera and Thysanoptera. In 
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Fig. 2 – Ichneumonid abundance (top) and species richness (bot-
tom) by sampling date over all traps. Lines indicate the number 
of specimens or species for canopy (dashed), understory (solid), 
and both habitats (dotted).
Fig. 1 – Sample-based accumulation curves and 95% confidence 
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the oak-hornbeam sections of “Bosco della Fontana” the 
shrub layer can be very thick and often dominated by the 
presence of Ruscus aculeatus, with shrubs (Cornus, Vibur-
num, Ligustrum, Euonymus) often confined to forest bor-
ders (Campanaro et al. 2007). As a consequence, it is like-
ly that sap-sucking honeydew producers like aphids, and 
epiphyte grazers like thrips and barkflies to be confined 
to the canopy level where they act as a reservoir of sug-
ary secretions and attract predators (Moran & Southwood 
1982; Southwood et al. 2005). Interestingly, phenological 
patterns showed relatively higher abundance and diversity 
of Spheciformes in the canopy from the late summer, sug-
gesting that species may move to higher strata of the forest 
in search for alternative food sources when floral resources 
in the understory start to shrink.
 The bulk of the community of Spheciformes of the 
understory consisted in predators of dipterans (genera 
Crossocerus and Ectemnius) and spiders (genus Trypoxy-
lon). Ectemnius and Crossocerus species associated with 
ground traps prey on small Diptera Brachycera (Ectemnius 
cavifrons (Fig. 4), E. cephalotes, E. lituratus and Crosso-
Fig. 3 – PCA ordination plot showing traps and species association for the first two axes. Species were grouped according to predatory 
habits. Only species with fit range 20% or more are shown. C = canopy; U = understory.
Fig. 4 – Ectemnius cavifrons  (Thomson, 1870) (Crabronidae) 
from England, Nottinghamshire. Photo by Dilys and Trevor Pen-
dleton, www.eakringbirds.com.
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Psocoptera
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cerus quadrimaculatus) or Diptera Nematocera (C. ce-
tratus, C. podagricus, C. vagabundus) (Schmidt 1980), 
which can be abundant in highly humid microhabitats like 
deadwood and leaf litter on the forest floor. Ectemnius spp. 
are known to nest in rotten wood or stems of herbaceous 
plants (Pagliano & Negrisolo 2005). Trypoxylon species, 
spider predators nesting in cavity left by wood-boring 
beetles or in hollow stems (Pagliano & Negrisolo 2005), 
have been found mostly in the understory traps. Howev-
er, our results disagree with those by Sobek et al. (2009) 
who found specimens of T. clavicerum in the canopy to be 
almost twice those collected in the understory in a broad-
leaf forest in Germany. Spider abundance in the canopy 
of the temperate forests is well documented (Larrivée & 
Buddle 2009; Otto & Floren 2010). However, as pointed 
out by Di Giovanni et al. (2015) for ichneumonids para-
sitizing spiders at “Bosco della Fontana”, different species 
can patrol different layers along the same tree, according 
to host availability. The availability of abandoned galler-
ies of saproxylic insects in suspended deadwood may be 
another factor influencing vertical stratification of the spe-
cies of the genus Trypoxylon (Sobek et al. 2009), and some 
of them can be found more frequently in the canopy while 
searching for suitable nesting-cavities.
 In conclusion, it is clear that restricting any survey to 
the ground layer will result in a partial picture of the ac-
tual biodiversity inhabiting temperate deciduous forests 
(Vance et al. 2007; Stireman et al. 2012; Di Giovanni et al. 
2015).
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